The predictable increasing adoption of EV by residential users imposes the necessity of Electric Vehicle charging coordination, in order to charge effectively while minimizing the impact on the grid. In this paper, a two-stage distributed coordination algorithm for electric vehicle charging management in a community microgrid is proposed. Each local EV charging controller is taken as an agent, which can manage the charging to achieve the optimization of the whole community by communicating in a sparse network. The proposed algorithm aims at optimizing real-time, which manages the charging activity based on the real-time price, while meeting the requirement of technical constraints of the distribution system.
Introduction
With awakening environmental awareness trigged by extreme weather and global warming, electric vehicles (EV) are increasingly considered as a promising technology to replace the traditional fuelbase vehicles, so as to curtail the dependence on the traditional fossil fuel and reduce the green gas emission The increasing EV charged by the residential user at home will certainly add more stringent requirements to the distribution grid, and how to minimized the impact of this new kind of load is a challenge that distribution network need to address. With the concept of microgrid, it offers an alternative angle to solve the problem, in which a part of distribution network can be deemed as an autonomous grid which coordinates the load and generation autonomously and collaboratively. In this aggregated way, the new kind of load is controlled to be not only user-friendly in term of economics, but also grid friendly in term of demand response.
For the coordination of electrical vehicle (EV) charging, researchers did many works to optimize this process with different objectives. In [3] and [4] , authors use droop control to autonomously achieve charging coordination. However, whether it can achieve optimum is highly depended on whether droop parameters is optimally set and it is not flexible if the system is changed. A coordination algorithm is proposed in [5] considering the customers benefit and the revenue of the aggregator, but it only make the schedule which has the limitation in tackling the changes during real-time operation. In [6] , convex quadratic programming is used in charging management to reduce the cost under timevarying electricity price signal, but it didn't consider the technical constraints of the grid. In [7] , a multiagent system is implemented to meet the requirement of the distribution network both during the normal operation period and special cases. To balance the supply and demand, a complex prediction algorithm is used which is not easy to implement. In [8] , a distributed algorithm is proposed, but the algorithm is not taking the real-time pricing into consideration.
In terms of implementation architecture, most of the works are based on a centralized controller [3] - [6] , which gather all the information of the system and set the optimal signal to the EV charger to act. In this kind of implementation, it needs communication between all the EV charging and the centralized controller which brings heavy communication overload and make the system susceptible to single point of failure. Although others like [7] and [8] used the distributed methods, still have some limitation as mentioned above.
In this paper, a two-stage distributed coordination algorithm for EV charging management in a community microgrid is proposed. The proposed algorithm aims at optimizing in real-time, which manages charging activity based on the real-time price, while meeting the requirement of demand and supply balance and the limitation from the grid.
System description
In a community microgrid as in Fig.1 , each residential user has level 1 EV charging at home (normally the maximum charging power is under 10kW). Each local EV charging controller is an agent, which can manage the charging to achieve the optimization of the whole community by communicating with sparse network. The communication network of EV charging agents is shown in Fig. 2 .
Fig.1: Community microgrid with EV charging Fig. 2: Communication network of EV chargers
The local charging controller in the each residential home manages the charging process in a two-stage method as is shown in Fig. 3 . In the first the stage, the local EV charger schedule the hourly charging power based day ahead market price, which gives the ideal optimal charging power. In the operation stage, due to the limitation of the total available charges power, the ideal optimal charging power might not be achieved, so that all the EV charging need to coordinate to get the optimum. The operation stage is based on consensus algorithm, in which no centralized controller is needed; each local EV can coordinate by communicating through sparse connections.
Problem formulation for the planning stage
To cope with the growth of domestic EV, utility launches new policies to encourage the end user to participate proactively in the demand response. One of the most promising is the introduction of the market mechanism, in that many pioneer distribution system operator (DSO) offer time varying price to the residential control [9] . Fig. 3 show the day-ahead price and real-time price from Hourly Pricing Program provide by a US local utility and an energy delivery company ComEd's in Illinois [9] . In the planning stage, the local EV charger schedule the hourly charging power based day ahead market price, which gives the ideal optimal charging power. The model of the EV batteries is using the equivalent circuit in [8] .
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where i P denotes the charging power of EV i,
To minimize the cost from the consumers' point of view, which is also complied with the demand response from the utility, the objective is to minimize the charging cost given the real-time price of the electricity. SOC is the reference of the SOC after the whole charging process.
Distributed optimization in operation stage
In the operation stage, the ideal power command might not be followed due to the constraints of the grid and the individual EV charger. To adjust the charging power set in real-time which maintains the optimum, a consensus based distributed algorithm is proposed for the optimization in the operation stage. The objective of the optimization in the operation stage is to minimize the deviation between the ideal charging power command and the real charging power consider the constraints of the power balance of the load and supply, which can be shown as:
where i ω is the priority weight for EV i at time slot k, and * i I is the optimal charging current without considering the practical limitation during operation which obtained from the planning stage.
The incremental cost i λ will be achieved when the equation (6) for all the EV chargers reach the same value;
The updating rule is as follows:
where 2 (n n 1) 2 1 (n n 1)
, and i N is the set of the neighbours of the EV i, and n i is the number of agents connected with EV i.
The optimal charging power is:
Case study
A community microgrid with 12 EV residential users is taken as an example in this study. The communication network topology is shown as in Fig. 5 . The initial parameters of the EV batteries are listed in Table I . The real-time price is taken real data from the day ahead market data on the data 15/11/2015 in ComEd's in Illinois. Assuming the charging happens in during the evening and night in this study, the results of planning stage is shown in Fig. 6 . 
Fig. 6: planning stage results
In the operation stage, the charging process is managed by the distributed algorithm. The convergence process of the incremental cost, the power mismatch between the charging power and available power in one optimization step are shown Fig.7 (a) and Fig.7 (b) , respectively. The optimal charging power is shown in Fig.7 (c) . The whole optimization charging during the assumed charging period is shown in Fig. 8 . The maximum charging power exposed by the DSO due to the technical constraints of the network or the substation transformer capacity is set to be 30.6kW.
Conclusion
In this paper, a distributed coordination algorithm is proposed for optimizing the EV charging in the context of community microgrid. By taking each local EV charging controller as an agent, the charging process is coordinated through a two-stage optimization via a sparse communication network. Case study shows that in the first stage the optimization is achieved considering only the real-time price, and in the second stage, the constraints occurred during the operation is addressed in a distributed way through consensus. The proposed EV charging network coordination is valuable in that the real-time optimization can handle the uncertainty of the load and power supply, as well as the limitation of the component capacity of the utility grid, and therefore can be a promising technology for regulating the increasing adoption of the residential EV. 
